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Summary
Ojective: Cartilage destruction in osteoarthritis (OA) is generally accepted as a failed repair process. Cell adhesion
is implicated in tissue repair. Therefore, adhesion of OA chondrocytes to extracellular matrix proteins was
investigated.
Design: Using chondrocytes from human OA femoral head cartilage, adhesion to fibronectin and type II collagen
of cells from distinct areas showing an intact cartilage surface or a fibrillated cartilage surface was studied.
Modulation of chondrocyte adhesion by both protein kinase C (PKC) inhibitors and glucosamine sulfate (GS) was also
investigated.
Results: A significant (P Q 0.05) decrease in adhesion to fibronectin of chondrocytes from fibrillated cartilage,
relative to those from grossly normal OA cartilage, was demonstrated. Adhesion to type II collagen was not modified
by the chondrocyte origins (either from normal or fibrillated OA cartilage). Adhesion to fibronectin of cells from grossly
intact cartilage was decreased by the addition of PKC and calmodulin-dependent kinase inhibitors, W7 and
sphingosine, to the cell culture. Adhesion to fibronectin of chondrocytes from fibrillated cartilage was significantly
(P Q 0.05) increased after glucosamine sulfate treatment.
Conclusion: Fibrillation of cartilage from OA femoral head is associated with a defective adhesion of chondrocytes
to fibronectin. The process is suggested to be dependent of PKC and/or calmodulin-dependent kinases and potentially
reversible. Conceivably, it could play a role in OA cartilage destruction.
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Introduction
Destruction of articular cartilage is generally
accepted as the most reliable lesion of osteo-
arthritis (OA) severity. The mechanism of cartilage
destruction is complex and poorly understood, but
likely involves both mechanical and biological
factors. Among the latter, both an excessive
enzymatic degradation and a decreased synthesis
of cartilage matrix are now well documented [1–5].
The dysregulation of OA chondrocytes is also
related to other metabolic changes such as
increased receptor levels to several cytokines [6, 7]
and increased levels of inflammatory molecules
(phopholipase A2 [8] and nitric oxide [9, 10]).
To date, little attention has been paid to the
regulation of OA cartilage cellularity. An increase
in the number of chondrocyte clusters is the
hallmark of OA fibrillated cartilage. As a result,
the total number of cells in OA cartilage is
believed to be unchanged but the distribution of
chondrocytes within the matrix is quite heteroge-
nous, containing both highly cellular clones and
acellular areas [11, 12]. This suggests a potential
defective repair process related to the inability of
proliferated cells to migrate in damaged areas.The
interaction of chondrocytes with extracellular
matrix components (e.g. fibronectin, vitronectin,
thrombospondin and collagens) plays an important
role in tissue remodeling, repair and regeneration
[13]. Chondrocyte adhesion to fibronectin via
integrin receptors has been demonstrated and
implicated in cell migration [14, 15]. Therefore,
adhesion of OA chondrocytes to fibronectin and
type II collagen with regard to cartilage fibrilla-
tion was presently investigated.
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Materials and methods
Chondrocyte culture
Human osteoarthritic femoral heads were ob-
tained at the time of hip joint replacement, washed
with sterile cold physiological saline, and kept for
12 h at + 4° C in Gey saline solution (Gibco). The
mean age of the patients was 69.4 years (range
57–76). The apparently ‘normal’ cartilage showing
an intact surface and the fibrillated or eroded
cartilage were dissected and collected separately
[16]. Care was taken to avoid the osteophytic
cartilage. Tissue specimens were dissected in
approximately 1 mm3 fragments in Gey solution.
Chondrocytes were isolated at 37° C by sequen-
tial enzymatic digestion with 0.2% trypsin (Gibco)
for 30 min followed by a 6-hr treatment with 0.2%
collagenase (Sigma, type IV) in Gey solution as
previously reported [17]. Cells were filtered with a
82 mm Blutex filter and centrifuged at 1100 rpm for
5 min at 4° C. Cells were resuspended in Gey
solution and counted using a Thoma’s cell. Cells
were cultured at high density (8 · 106/ml) by
suspension in HAM F12 (Gibco) containing 10%
Ultroser (IBF) and antibiotics (Penicillin and
streptomycin, 10 000 U/ml) in a 95% air–5% CO2
atmosphere at 37° C. After 72 h culture, cells were
collected by centrifugation (1100 rpm for 5 min)
and aliquots of cells (4 · 106 cells/0.5 ml) were
sub-cultured as described above.
Determination of cell adhesion
The assay was performed as previously described
[17] with some modifications. Wells of microtitra-
tion plates were coated with fibronectin (20 mg/ml)
or type II collagen (100 mg/ml) for 12 h at 4° C.
Unoccupied binding sites were then blocked by
incubating the plates with 1% bovine serum
albumin for 2 h at 24° C. Chondrocytes were
incubated in the coated wells for 1 h at 37 ° C.
Unattached cells were removed by lavage.
Attached cells were fixed with 1% glutaraldehyde
(15 min at 24° C) and stained with 0.1% violet
crystal for 30 min [18]. Cells were then treated with
0.2% Triton · 100 for 10 min and integrated optical
density measured at 570 nm with a spectro-
phometer. For each assay, a control without
fibronectin or type II collagen was performed. The
final value was obtained by subtraction of the
control value. Preliminary experiments were
performed to determine optimal time of culture for
cell adhesion. Aliquots of cells from one femoral
head were cultured for 2, 5, 7, 10, 12 and 15 days.
The optimal number of cells per well was then
studied by incubating 62 500, 125 000, 250 000,
500 000, 750 000 and 106 cells in different wells.
Based on this optimization, a culture period of 8
days and 250 000 cells per well were chosen for the
adhesion assays.
Treatment of cell cultures with protein
kinase C inhibitors
The effect of protein kinase C (PKC) inhibitors
(H7, W7, staurosporine and sphingosine) on
chondrocyte adhesion to fibronectin and type II
collagen was investigated. Stock solutions of
reagents (Sigma) were in ethanol or dimethylsul-
foxide and stored at - 20° C. Assays were made
according to reported methods [19, 20]. Reagents
were diluted at least 1000-fold in HAM F12 before
addition into the wells. The final concentration of
solvent added to the cells had no effect on
chondrocyte adhesion. H7, W7, sphingosine
(25 mM) or staurosporine (25 nM) were added to
cultures 1 h prior to the adhesion assay.
Treatment of cell culture with glucosamine
sulfate
The effect of glucosamine sulfate (GS) on cell
adhesion was evaluated by (1) adding the drug and
the chondrocytes at the same time into wells of
microtitration plates, and (2) by adding the drug
into the cell culture one or four days prior to the
adhesion assay. The drug was provided by Rotta
Research Laboratorium (Monza, Italy) and used in
the culture medium at concentrations of 0
(control), 5, 50, 100 and 500 mM.
Statistical analysis
For each assay, samples from six or nine
different joints were tested. Cells originating from
these different joints were not pooled but
separately assayed. Each assay was made in
triplicate and data were not selected. Statistical
analysis of adhesion of cells from grossly normal
and fibrillated cartilage was made using a paired
test of Wilcoxon. The effect of PKC inhibitors on
cell adhesion was similarly analysed. The effect of
glucosamine sulfate was analysed with a one way
analysis of variance.
Results
Adhesion of osteoarthritic chondrocytes
Adhesion to fibronectin of chondrocytes from
both grossly normal and fibrillated cartilage was
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Fig. 1. Adhesion to fibronectin of chondrocytes from grossly normal and fibrillated cartilage samples of a human
osteoarthritic femoral head. Changes in relation with the number of cells in the adhesion well (left) and with the time
of cell culture (right). Adherent cells were stained with crystal violet and staining intensity (D.O.) was measured by
spectrophotometry at 570 nm. V Fibrillated cartilage; C Normal cartilage.
studied using femoral heads selected for the
presence of a significant amount of both tissues.
The influence of the time of cell culture prior to
the adhesion assay was studied by culturing cells
from one femoral head for 2, 5, 7, 10, 12 and 15 days.
Assays were made using 250 000 cells per well.
Results are shown in Fig 1. The increase in cell
adhesion to fibronectin with the time of culture
was linear for a period ranging from 2–10 days and
began to slow down after 10 days. For each period
of culture time, adhesion to fibronectin was
markedly higher for chondrocytes from grossly
normal cartilage than for those from fibrillated
surfaces. By contrast, that the same optical density
for the same number of ‘normal’ and ‘fibrillated’
cells was found when no lavage of unattached cells
was made.
The influence of the number of cells per well on
the adhesion assay was studied by using 62 500,
125 000, 250 000, 500 000 and 1.106 cells. Cells were
cultured for 8 days prior to the assay. The increase
in cell adhesion to fibronectin was linear from
62 500 to 250 000 cells and declined progressively
thereafter. Whatever the cell number, cell ad-
hesion was markedly higher for chondrocytes from
grossly normal cartilage compared to those
from fibrillated cartilage (Fig. 1).
For statistical comparison of cell adhesion
between grossly normal and fibrillated cartilage,
articular surfaces from 9 femoral heads were used.
For the assay, a culture period of 8 days and
250 000 cells per well were used. Relative to grossly
normal OA cartilage, cell adhesion to fibronectin
in fibrillated samples was significantly (P Q 0.007)
Fig. 2. Adhesion of osteoarthritic chondrocytes to fibronectin and type II collagen. Comparison of cells originating
from the same femoral heads but with respect to the gross aspect of the cartilage surface. Adherent cells were stained
with crystal violet and staining intensity (D.O.) was measured by spectrophotometry at 570 nm. *P Q 0.01 paired
Students T-test.
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Table I
Effect of some inhibitors of protein kinase C on adhesion of human osteoarthritic chondrocytes
to fibronectin
Control W7 Sphingosine Staurosporine H7
OA normal cartilage 0.55 2 0.09 0.24* 2 0.04 0.24* 2 0.05 0.52 2 0.09 0.53 2 0.08
OA fibrillated cartilage 0.22 2 0.05 0.21 2 0.04 0.21 2 0.04 0.24 2 0.05 0.21 2 0.05
Mean and SD[ PQ 9[94[ Adherent cells were stained with crystal violet and staining intensity "D[O[# was measured
by spectrophotometry at 469 nm[ Normal and _brillated samples were not collected from the same joints[
decreased (0.539 2 0.168 and 0.250 2 0.078 DD.O.,
respectively) (Fig. 2).
Chondrocyte adhesion to type II collagen was
studied as well but was found to be similar for cells
originating either from grossly normal or fibril-
lated OA cartilages (0.270 2 0.107 and 0.287 2 0.091
DD.O., respectively) (Fig. 2).
Effect of Protein Kinase C inhibitors on cell
adhesion
The effects of H7, W7, staurosporine and
sphingosine on chondrocyte adhesion are shown in
Table I. The effects of each of these PKC inhibitors
was evaluated using chondrocytes from both
grossly normal and fibrillated cartilage from six
OA femoral heads. Adhesion to fibronectin of cells
from ‘normal’ OA cartilage was significantly
(P Q 0.05) decreased by W7 and sphingosine but
remained unaffected by H7 and staurosporine. By
contrast, none of the PKC inhibitors used modified
adhesion of chondrocytes originating from fibril-
lated cartilage.
Effect of Glucosamine Sulfate (GS) on cell
adhesion
Assays were performed using fibrillated carti-
lage from six different femoral heads. Using
varying concentrations of GS (0 to 500 mM),
chondrocytes were cultured for a period of 8 days.
GS was added into the culture medium either the
last day or for the last 4 days of culture. Other
experiments were performed by adding GS to the
cells at the time of the adhesion assay. The cell
number for the assay was 250 000 per well. Results
are shown in Table II. Clearly, GS did not change
cell adhesion to fibronectin when introduced into
the adhesion well. However, GS significantly
(P Q 0.05) increased cell adhesion to fibronectin
when added into the cell culture medium. With one
day of incubation, a significant (P Q 0.002) in-
crease (50.7%) was found with a concentration of
500 mM. After 4 days of incubation with GS, a
significant (P Q 0.05) increase (40.5%) was ob-
tained with 50 mM, and increased to 86.2% with
500 mM. Cell adhesion to type II collagen was
unmodified by GS (Table II).
Discussion
The present report demonstrates that OA
fibrillated cartilage was associated with a highly
significant decrease in chondrocyte adhesion to
fibronectin. The finding only resulted from the
comparison of grossly intact and fibrillated
cartilage samples from the same femoral heads.
Normal cartilage from non-OA joints were not
studied since normal cartilage from normal control
joints were not available. Therefore, the finding
Table II
Effect of glucosamine sulfate (GS) on adhesion of human osteoarthritic chondrocytes
to fibronectin and type II collagen
GS (mM) 0 5 50 100 500
Adhesion to fibronectin
0 0.34 2 0.06 0.35 2 0.06 0.35 2 0.05 0.35 2 0.06 0.34 2 0.04
1 day 0.39 2 0.07 0.41 2 0.06 0.43 2 0.06 0.48 2 0.08 0.58 2 0.07*
4 days 0.54 2 0.08 0.60 2 0.09 0.76 2 0.06* 0.96 2 0.12* 1.01 2 0.11*
Adhesion to type II collagen
0 0.19 2 0.04 0.18 2 0.05 0.18 2 0.06 0.19 2 0.06 0.21 2 0.04
1 day 0.26 2 0.06 0.24 2 0.06 0.23 2 0.06 0.28 2 0.08 0.27 2 0.9
4 days 0.31 2 0.09 0.30 2 0.08 0.32 2 0.07 0.31 2 0.07 0.34 2 0.07
Glucosamine sulfate was added either in the adhesion well "O# or in the culture medium for 0 or 3 days[
Adherent cells were stained with crystal violet and staining intensity "D[O[# was measured by
spectrophotometry at 469 nm[ Mean and SD[ PQ 9[94[
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could be related to a relative increase in adhesion
properties of chondrocytes from grossly intact OA
cartilage rather than by an actual defective
adhesion of fibrillated cartilage chondrocytes. The
former hypothesis is in agreement with the
histological observation that grossly intact carti-
lage from OA joints is often hypertrophic [12], a
process implicating growth factors such as IGF-1
or TGF-b which have been demonstrated to
increase chondrocyte adhesion to fibronectin [21].
However, it appears that disruption of cartilage
structural integrity is related to an altered
capacity of chondrocytes to adhere to the
extracellular matrix.
Adhesion of human normal chondrocytes to
various extracellular matrix proteins was pre-
viously reported to increase with a culturing time
ranging from 3–21 days [22]. Cell adhesion rates
were found to level off after day 14, which was also
the timepoint at which the cells in culture were
flattening and producing type II collagen. Using
OA cartilage, we obtained similar results and
therefore stopped cell cultures after 15 days.
Interestingly, the decrease in adhesion of chondro-
cytes from fibrillated cartilage relative to cells
from grossly normal OA cartilage was stable
through the full period of culture.
In this study, the decrease in cell adhesion
appeared to be specific to fibronectin, since
adhesion to type II collagen of chondrocytes from
fibrillated cartilage was unmodified. However,
chondrocytes are able to bind to several other
matrix macromolecules such as vitronectin,
chondronectin, type I, V, XI collagen, matrix
GLA-protein, thrombospondin and other cartilage
proteins that were not presently studied [22]. This
difference could be related to the fact that cell
adhesion to fibronectin and type II collagen
involves different sub-classes of integrins as
receptors that were not investigated in this study
[23, 24].
The decrease in cell adhesion to fibronectin is
interesting since an increase in fibronectin
synthesis in OA cartilage is well documented
[25, 26]. Saturation of chondrocyte receptors for
fibronectin was unlikely since chondrocytes were
isolated by enzymatic digestion of the ECM and
cultured in vitro. The decrease in cell adhesion to
fibronectin could be related to the presence of an
increased number of apoptotic or necrotic chon-
drocytes in fibrillated cartilage. However, this
hypothesis is not in agreement with the absence of
change in cell adhesion to type II collagen and
with the observation that cell adhesion to
fibronectin was restored after culture treatment
with Glucosamine Sulfate. Another hypothesis is a
decrease in integrin receptor expression for
fibronectin in OA fibrillated cartilage as reported
by Lapadula et al. in human knee OA [27].
The role of PKC in fibroblast adhesion to
fibronectin has been previously reported [28, 29]. In
the present report, we also demonstrated that
chondrocyte adhesion to fibronectin was signifi-
cantly decreased by some specific PKC inhibitors
(W7 and sphingosine). W7 and sphingosine are
inhibitors of both PKC and calmodulin-dependent
kinases, while H7 and staurosporine are protein
kinase A and C inhibitors. The formers were
demonstrated to inhibit adhesion to fibronectin,
laminin and type V collagen of several cell lines.
By contrast, H7 and staurosporine did not modify
adhesion to fibronectin of the same cell lines and
inversely increased adhesion to laminin. The
observed effects were immediate, reversible and
cell-specific [30]. Thus, the observed specific
inhibiton of adhesion by W7 and sphingosine
could suggest that chondrocyte adhesion to
fibronectin might mainly be mediated by calmod-
ulin-dependent kinases. Interestingly, W7 and
sphingosine decreased cell adhesion to fibronectin
only in grossly intact cartilage and not in
fibrillated OA cartilage from the same articular
surface. This result suggests that an alteration of
the calmodulin-dependent kinases pathway could
occur in fibrillated articular cartilage.
GS is the salt of the natural amino-
monosaccharide glucosamine, and has been
demonstrated to improve symptoms in OA patients
[31, 32]. The mechanisms of action of the drug are
still poorly understood [33, 34]. In previous
experiments, we found that GS increased PKC
activity of fibrillated OA chondrocytes in vitro
(unpublished data). In the present study, GS
significantly restored the decreased adhesion to
fibronectin of fibrillated cartilage chondrocytes.
The restoration was not the result of a direct
physicochemical effect of the molecule, but was
obtained after incubation with GS in the culture
medium. Regulation of integrin expression, affinity
and specificity probably results from intracellular
molecular events such as phosphorylation. PKC
was suggested to be involved in the physiological
phosphorylation of the a6A integrin subunit [35].
Thus, activation of PKC by GS could be one of the
possible mechanisms involved in restoration of
fibrillated cartilage chondrocyte adhesion to
fibronectin.
Cell adhesion to fibronectin via the integrins
receptors is implicated in tissue repair and cell
migration [14, 15]. The capacity of chondrocytes to
migrate in the extracellular matrix is not known
but is suggested by some in-vivo experiments (36)
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and has been demonstrated in vitro [15]. The
association of both highly cellular clones and
acellular areas is a common finding in fibrillated
cartilage [11, 12]. This indicates that some
chondrocytes have the capacity to proliferate,
but lack the ability to migrate to damaged areas. A
defective repair related to an alteration in
cell adhesion and migration could therefore be
of importance in the mechanism of cartilage
destruction.
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